We report on a longitudinal study designed to assess possible sex differences in math achievement, math ability, and mathrelated tasks during the primary school age years. Participants included over 200 children from one public school district. Annual assessments included measures of math ability, math calculation achievement scores, rapid naming and decoding tasks, visual perception tests, visual motor tasks, and reading skills. During select years of the study we also administered tests of counting and math facts skills. We examined whether girls or boys were overrepresented among the bottom or top performers on any of these tasks, relative to their peers, and whether growth rates or predictors of math-related skills differed for boys and girls. Our findings support the notion that sex differences in math are minimal or nonexistent on standardized psychometric tests routinely given in assessments of primary school age children. There was no persistent finding suggesting a male or female advantage in math performance overall, during any single year of the study, or in any one area of math or spatial skills. Growth rates for all skills, and early correlates of later math performance, were comparable for boys and girls. The findings fail to support either persistent or emerging sex differences on non-specialized math ability measures during the primary school age years. D
Introduction
The relative predominance of men in mathematically intensive careers has been attributed, at least in part, to the reported gender gap in mathematics achievement (National Research Council, 1989) . Despite consensus regarding, and concern for, this gender disparity in mathematically oriented careers even among mathematically gifted male and female students (Benbow, Lubinski, Shea, & Eftekhari-Sanjani, 2000) , there is much controversy regarding the degree to which this disparity results from inherent vs. culturally influenced sex differences in math ability and performance. The research has been inconsistent in demonstrating whether sex differences in math are valid (e.g., Casey, Nuttall, & Pezaris, 2001; Ginsburg & Russell, 1981; Geary, 1994; Maccoby & Jacklin, 1974) , of significant magnitude (e.g., Friedman, 1989; Gonzales et al., 2004; Penner, 2003; Swiatek, Lupkowski-Shoplik, & O'Donoghue, 2000) , broad enough to affect overall math performance (e.g., Hyde, Fennema, & Lamon, 1990a) , or age-dependent (e.g., Hyde, Fennema, Ryan, Frost, & Hopp, 1990b; Leahey & Guo, 2001; Voyer, Voyer, & Bryden, 1995) . The present study was designed to examine boys' and girls' math performance during the primary school age years. Our aim was to assess the early manifestation of possible sex differences in math achievement, math ability, and math-related skills, including reading-related skills and visual spatial ability, on these commonly observed tasks. Although these issues have been examined in the literature to date, the present study contributes to the existing data by virtue of its longitudinal design. This allowed for assessment of growth curves in math skills during the first 4 years of school among a relatively random sample of primary school age children. Of interest is whether sex differences are apparent during the primary school age years overall, whether girls or boys are overrepresented in either the upper or lower quartiles of math performers, whether rates of growth in math-related skills differ for boys and girls, and whether there are potential sex differences in predictors of poor math achievement.
Reports of sex differences can influence beliefs and expectations of gender stereotypes (Brescoll & LaFrance, 2004) . Despite the fact that empirical reports of sex differences are predominantly attributed to a limited number of skills, particularly specific higher order tasks observed in later school years or adulthood (e.g., Hyde et al., 1990a; Pratarelli & Steitz, 1995) , discussion of sex differences in the media and lay publications may inappropriately lead to expectations for observable sex differences in the context of daily primary school activities. In order to address this notion, in the present study we examined performance on measures reflective of the kinds of tasks observed among primary school children in regular classroom settings.
Sex differences in math skills
Prior studies have reported conflicting results about the validity of sex differences in math, as reviewed in depth by Hyde et al. (Hyde et al., 1990a) . Reports in favor of boys refer to advantages in general math performance (Lummis & Stevenson, 1990; Maccoby & Jacklin, 1974; Mau & Lynn, 2000) ; while additional findings reflect superior performance on only specific tasks, such as those relying on spatial-mechanical skills (Casey, Nuttall, & Pezaris, 1997; Casey et al., 2001; Gallagher et al., 2000; Geary & DeSoto, 2001; Lummis & Stevenson, 1990) . Sex differences in favor of girls are reported at younger ages through preadolescence (Ginsburg & Russell, 1981; Kaplan & Weisberg, 1987; Marshall & Smith, 1987) . However, other studies have reported no significant sex differences in math abilities and achievement (Alyman & Peters, 1993; Geary, 1994; Tate, 1997) .
In cases where sex differences in math are indicated, the magnitude of these differences correlates with problem difficulty (Bielinski & Davison, 2001; Penner, 2003) and appear more pronounced among groups of lowor high-scoring individuals (Swiatek et al., 2000) . Although sex differences increase in magnitude with age, existing sex differences in math are small, and appear to be diminishing over generations (Friedman, 1989; Hyde et al., 1990a) . The Trends in International Mathematics and Science Study (TIMSS study, Gonzales et al., 2004) reported a male advantage on general math skills in both fourth and eighth grades in 2003, however effect sizes were small at best (Cohen's d = 0.11 and 0.07, respectively), and both boys' and girls' mean scores had increased, by comparable amounts, since 1995. One consistency in the literature is the claim that the magnitude of differences varies with age (Hyde et al., 1990a,b; Leahey & Guo, 2001; Voyer et al., 1995) . For example, true sex differences are reported as nonexistent in infancy, minimal in early and later elementary school years, emerging at adolescence, and more consistently reported through adulthood. Studies of infants' mathematical skills typically fail to show sex differences in early skills, such as the ability to discriminate between small sets of numbers (Antell & Keating, 1983; Starkey, Spelke, & Gelman, 1990; Strauss & Curtis, 1981) , and in how quantity is affected by addition and subtraction (Starkey, 1992) . The understanding of basic numerical concepts is uniform across the sexes, in a variety of cultures, through the preschool and kindergarten years (Geary, 1994) . Indeed, few or no sex differences in quantifiable math abilities (i.e., counting skills, conceptual knowledge, or simple arithmetic skills) have been found before first grade (Lummis & Stevenson, 1990) . Four-and five-year old girls outperform boys, to minimal degrees, on simple arithmetic skills (Ginsburg & Russell, 1981) but in general there is no clear advantage of one sex over the other at this age.
During the early school years, reports of sex differences in math continue to be inconsistent. Differences are either reported as nonexistent (Geary, 1994) , slightly favoring girls (Ginsburg & Russell, 1981) or favoring boys on specific tasks (Lummis & Stevenson, 1990) . Lummis & Stevenson (1990) claim that first grade boys demonstrate an advantage over girls in solving word problems and on problems that utilize visualization strategies. In the present study, we examine differences in math and visual spatial performance at four time points during the primary school age years on measures that reflect the types of tasks typically observed in regular classroom settings.
Although our study focuses on the first 4 years of schooling, research on sex differences after primary school years is relevant to the present study because of its implication for potential indicators of emerging sex differences in early childhood. Yet research findings on the late elementary and middle school years are inconsistent. In a longitudinal study of over 7000 children, Marshall & Smith (1987) found no sex differences in third to sixth graders' basic conceptual understanding on arithmetic problems, although the girls outperformed boys due primarily to boys' procedural errors. Yet between elementary and junior high school years, boys surpass girls in their math skills (Leahey & Guo, 2001; Maccoby & Jacklin, 1974) . However, studies of math abilities in high school and adulthood typically report sex differences in favor of boys (Gallagher et al., 2000; Leahey & Guo, 2001; Mau & Lynn, 2000) .
Sex differences among high achievers
The greatest sex disparities may occur among the highest-and lowest-achieving students (e.g., Benbow, 1992; Carr & Davis, 2001; Hyde et al., 1990a) , across all age groups. Leahey and Guo (2001) found that sex differences in math were most pronounced among a subset of high-achieving students from elementary school through high school. Among high-achieving groups, boys outperform girls on math tasks from third to sixth grade (Swiatek et al., 2000) and from eighth grade to post-high school (Reis & Park, 2001) . Boys have a slight advantage on easy math problems, and a greater advantage on more difficult math problems, with problem difficulty defined by the percentage of incorrect answers across the population (i.e., easy problems are those with a low percentage of incorrect answers; Penner, 2003) . Benbow (1992) reports that males outnumber females in both high ability and low ability groups in mathematics from adolescence through adulthood, although the differences are more pronounced in the higher achievement groups. Based on these findings, in the present study we examine differences not only in overall group means using analysis of variance tests but also in the frequency with which males or females are represented in the highest and lowest achievement groups using odds ratios. While the ANOVA tests for the level of variance within and between groups (boys and girls) from the mean, it does not directly address the level of variation among the extremes (highest and lowest achievers), which is of interest given the above findings. For this reason, we use odds ratios to consider the frequencies of participation in these groups.
Sex differences in spatial skills
Some aspects of mathematics are believed to have a spatial component (e.g., as reviewed by Fias & Fischer, 2005) , and correlations between math and visual spatial skills have been reported in early grades (Kulp, 1999; Kurdek & Sinclair, 2001; Mazzocco & Myers, 2003) . The shift toward male superiority in math, in higher grades, has been attributed in part to an increasing reliance on spatially based strategies, which boys are alleged to use more often (Benbow, 1988; Casey et al., 2001; Maccoby & Jacklin, 1974) . This notion is somewhat controversial, as it has not been supported in all studies, such as in Manger and Eikeland's (1998) study of sixth graders' mathematics and spatial visualization skills.
Comparable to findings on math skills, studies on sex differences for spatial abilities across the lifespan have yielded inconsistent findings. Levine, Huttenlocher, Taylor, and Langrock (1999) report a difference in favor of boys, at 4 years of age, on both rotation and translation skills. Kaplan and Weisberg (1987) found that third-grade girls performed significantly better than boys on tasks involving recognition of embedded figures. Vasta, Regan, and Kerley (1980) found no significant sex differences among 10-year olds on fine motor and gross motor skills, consistent with Manger and Eikeland's (1998) report of no sex differences among sixth graders on spatial visualization tasks. As noted by Voyer, Voyer, and Bryden (1995) , sex differences on spatial tasks do not appear at one age, rather, they emerge on different tasks at different preadolescent and adolescent ages, and their magnitude increases with age. In contrast to this notion, Johnson and Meade (1987) report a consistent male advantage on spatial performance starting at age 10 years and continuing through age 18. In adulthood, studies typically report more consistent findings of a male advantage on spatial cognition and ability measures (Geary, Saults, Liu, & Hoard, 2000) , with the largest discrepancy in favor of men on mental rotation skills (Crucian & Berenbaum, 1998; Geary, Gilger, & Elliott-Miller, 1990; Voyer et al., 1995) . Indeed, some argue that the spatial superiority reported for males is limited to very specific tasks, such as mental rotation tasks and location learning in young adults (Astur, Oritz, & Sutherland, 1998) . This means that sex differences may not be apparent on global tests of general spatial abilities, as Alyman and Peters (1993) have reported in their cross sectional study of spatial abilities using everyday prompts, from childhood to adulthood.
Thus the range of spatial skills used across studies is broad in terms of both the nature and complexity of skills required for success, which contributes to the inconsistency across findings. In the present study, we use a variety of spatial tasks limited to those commonly used in primary school activities or assessments. If spatial aspects of mathematics underlie some of the sex differences reported for math ability, it will be useful to assess whether rates of growth in spatial abilities differ for boys and girls.
Correlates of math performance
Studies have highlighted the interplay between both spatial and verbal skills and mathematics achievement across multiple school grades. For example, reading-related skills are as correlated with math achievement as are visual spatial skills, at least during the primary school age years, as both concurrent (Mazzocco & Myers, 2003) and predictive factors (Kurdek & Sinclair, 2001) . Auditory memory number skills and visual discrimination skills in kindergarten together predict variability in mathematics achievement in fourth grade (Kurdek & Sinclair, 2001 ). Both geometry grades and SAT-Verbal performance are strong predictors of SAT-Math achievement in collegebound students (Casey et al., 1997) . In the present study, we examine both verbal and spatial correlates of math performance, and whether the presence or strength of these associations varies between primary school age boys and girls.
Rationale for the present study
If it is true that sex differences in math and spatial skills are most apparent during middle or high school, there are three possibilities related to the emergence of these differences that together motivated the present study of primary school age children. The first possibility is that primary school age girls do not have any inherent difficulty with math or spatial skills, consistent with reports of no sex differences before seventh grade (e.g., Marshall & Smith, 1987; Vasta et al., 1980 ). An alternative possibility is that the differences that do exist are subtle, or limited to specific skills not commonly measured at younger ages and thus not as readily apparent, even if studied empirically. This notion is consistent with reports of sex differences with small effect sizes such as those reported by Manger and Eikeland (1998) and Hyde et al. (1990a) . The third possibility is that significant sex differences do exist, but have not been sufficiently examined. We address these possibilities, through a longitudinal study of over 200 children seen four times during their primary school age years.
In the present study, we sought to assess whether sex differences are evident during the primary school age years. Based on existing findings, we hypothesized that differences to emerge would have relatively small effect sizes. We examined whether there would be significantly more (or fewer) boys among the weakest or strongest math performers. To address the notion that male superiority in math emerges over time, we examined whether sex differences become more apparent over time, in the same group of children seen over 4 years; and whether growth rates for math and spatial skills are slower for girls. It is possible that sex differences in primary school age children are too subtle to be detected cross-sectionally and that growth rates may demonstrate significant differences. Finally, we explored whether the association between early and later math scores differs for boys vs. girls, using measures of skills commonly assessed during the primary school age years.
Method

Participants
Participants were primary school students from a large suburban public school district who had enrolled in the longitudinal study while in kindergarten. Recruitment was carried out in seven participating schools, as described elsewhere in detail (Mazzocco & Myers, 2002) . All kindergartners at those schools were invited to participate, except children with mental retardation or limited English proficiency. Across schools, 66.67% of eligible participants enrolled, resulting in 249 students (120 boys) in the initial sample. See Table 1 for demographic data on these participants and for attrition rates over the course of the longitudinal study.
Measures
The measures were tests administered during one or more years of the 4-year study, as listed in Table 2 . We administered an IQ test for descriptive purposes, whereas measures of mathematics ability, mathematics achievement, and spatial ability were administered to obtain the primary dependent variables of interest. Although reading skills were not of primary interest, we administered measures of reading-related abilities because of evidence that math difficulties co-occur with reading difficulties (e.g., Geary, 1993 , Jordan et al., 2003 , Russell & Ginsburg, 1984 . The reading, spatial, and math tasks included a combination of published standardized tests and experimental measures. From each measure, we obtained raw scores (number correct), and for the standardized measures we obtained both raw scores and age-referenced standard scores.
Descriptive measure: Wechsler abbreviated scale of intelligence (WASI)
The WASI (Wechsler, 1999) , an abbreviated standardized measure used to assess overall cognitive ability, was administered as a descriptive measure. The WASI includes two verbal subtests (vocabulary and similarities) and two nonverbal subtests (block design and matrix reasoning) used to derive an age-referenced full scale IQ score based on a mean of 100 and a standard deviation (SD) of 15. We administered the WASI one time, when participants were in third grade. We obtained IQ scores during third grade rather than sooner, because IQ scores obtained after age 7 years are more stable over time than IQ scores obtained before age 7 years (as reviewed by Sattler, 2001, p. 171 Response accuracy is based on conventional English phonology. For both tests, a raw score is computed from the number of correct answers, and is converted to an age-referenced standard score (mean = 100, SD = 15).
Rapid automatized reading (RAN).
We used a version of the RAN originally developed by Denckla and Rudel (1976) as a measure of single word retrieval fluency. RAN has since been incorporated into standardized testing batteries developed to assess phonologically based reading difficulties, such as the CTOPP (Wagner, Torgeson, & Rashotte, 1999) . The version we used included four pages of 50 test stimuli that the child was to name aloud as quickly as possible. Although the RAN was administered during all 4 years of the study, age appropriate subtests were administered as follows: during only the first 2 years of the study, children were asked to name pictures of five common objects (e.g., brush, clock). During all 4 years of the study, children were given three subtests that involved naming colors, single digit numbers, or single letters. For all subtests, the variable of interest was response time (RT) to complete the task, with a shorter RT indicating more desirable performance.
Reading fluency.
A brief, experimental oral fluency measure was administered in third grade only. During this task, each child was asked to read a 200 word passage aloud. The examiner noted the response time needed to read the passage and the total number of errors and dysfluencies the child made while reading.
Measures of visual spatial skills 2.2.3.1. Developmental test of visual perception second edition (DTVP-2).
The DTVP-2 (Hammill, Pearson, & Voress, 1993) has four motor-reduced subtests used to assess various aspects of perceptual skills. These were administered during all 4 years of the study. The Position in Space subtest requires the child to differentiate several similar figures in an attempt to match one of four or more figures to a target figure. The Figure- Ground subtest requires recognizing individual shapes from designs constructed with overlapping and/or embedded shapes. During the Visual Closure subtest, the child is asked to select which of several degraded shapes would match a target shape, were the degraded shapes to be completely drawn in. The Form Constancy subtest is used to assess whether a child can recognize figures with matching shapes that differ in size, color, and/or orientation. For each subtest, the total number of correct responses is converted to an age-referenced scaled score (mean = 10, SD = 3).
Visual motor integration (VMI).
The VMI (Beery, 1997) Fourth Edition is a widely used paper-andpencil task used to assess a child's ability to coordinate visual perception and motor planning. It was used during all 4 years of the study. in order of increasing complexity, that range from horizontal lines to overlapping three dimensional representations. The child is allowed only one attempt per drawing, without opportunity to erase or otherwise correct the drawing. In addition, supplemental subtests are available, and are based on the same geometric shapes and figures used in the traditional VMI. These supplemental subtests were administered during first grade only. The visual supplemental task involves selecting which of four or more similar figures matches a target object, whereas the motor supplemental task requires drawing each figure using outlines and connect-the-dot guides. Each of the three VMI tasks yields an age-referenced standard score (mean = 100, SD = 15).
Math measures
In order to assess possible sex differences, it is important to identify relevant, developmentally appropriate mathematical skills in which differences may be apparent. Candidate skills are implicated from both research on normative development of mathematical reasoning (e.g., as reviewed by Ginsburg, Klein, & Starkey, 1998) , and research on core deficits of mathematics difficulties (e.g, Geary, 2004) . Ginsburg and Baroody (1990) developed a standardized measure of math ability based on skills observed in typically developing children. This test is the Test of Early Mathematical Ability -Second Edition (TEMA-2). We included both the TEMA-2 and a standardized academic achievement test in our study as a comprehensive measure of age-referenced mathematics performance. However, standardized tests do not necessarily capture basic skills that underlie successful primary school age math, so we also included a measure of counting skills developed for this study. The measures used here are in line with the tasks that would be used in schools.
Test of early mathematical ability 2 (TEMA-2).
The TEMA-2 is a standardized test normed for children ages 4 through 8 years. It was administered to the participants during all 4 years of the study. Unlike standardized achievement tests, the TEMA-2 includes a wide range of test items for both formal math skills (i.e., typically targeted for school instruction, such as addition algorithms) and informal skills typically not addressed by the school curriculum, such as mental addition (Ginsburg & Baroody, 1990) . We obtained raw scores, and age-referenced standard scores (mean = 100, SD = 15).
Keymath revised (KM-R).
The KM-R is a standardized academic achievement test of mathematical basic concepts, operations, and applications. The age-appropriate subtests used in this study included Numeration, Geometry, Addition, Subtraction, Measurement, and Time and Money. These subtests were administered during the first through third years of the study, and were omitted in the fourth year because of time constraints. The Numeration subtest includes items dealing with quantity, magnitude, number line, and place value. The Geometry subtest items involve categorizing shapes, sizes, and relative position. The Operations subtests (addition and subtraction) include pictorially represented arithmetic problems followed by traditional paper and pencil calculation problems. The Measurement and Time and Money subtests are applied subtests dealing with different measurement units (e.g., inches, minutes, and pennies) and sequencing of objects based on units of volume, length, or monetary value. Raw scores were obtained for each subtest, as well as age-referenced scaled scores (mean = 10, SD = 3). There was no age-referenced standard score on the Addition, Subtraction, and Time and Money subtests for the youngest participants completing these tasks. Therefore, analyses for these three subtests are performed based on raw scores.
Woodcock
Johnson -revised (WJ-R) math calculation subtest. The WJ-R Math Calculation subtest is a widely used standardized test of paper and pencil math problems presented in order of increasing difficulty. Problems range from one digit addition to linear algebra problems. This test was administered in kindergarten, first, and third grade; it was omitted during second grade because of time constraints. Although administered in kindergarten, the majority of kindergartners were unable to solve any of the problems. Thus most analyses of this task are limited to first and third grades. An age-referenced standard score was obtained (mean = 100, SD = 15).
Counting trials.
The Counting Trials task, an experimental measure, is a modification of a counting paradigm used by Geary et al. (e.g., Geary, Bow-Thomas, & Yao, 1992). We administered a Counting Trials task during the last 3 years of the study. During the practice warm up session for this task, the child is told that the examiner will count sets of dots, and that the child needs to bwatch carefullyQ and report whether the examiner bcounted the right number of dotsQ. The examiner exemplifies correct and incorrect counting, and provides feedback on whether the child's assessment is correct. The examiner's mistakes are standardized, and the child's responses are coded as true positives (hits), true negatives, false positives (or false alarms), or false negatives (misses). The total correct response is the sum of hits and true negatives. Version I of the Counting Trials task, based on 15 items, was administered during first grade. Version II, based on 24 items, was presented during second and third grades. In third grade, it was administered only to children who scored b100% on the task during second grade. For both versions, the variable of interest is the percent accuracy (number correct out of total possible).
2.2.4.5. Math facts. The Math Facts task was simply a list of 24 single-digit addition and subtraction problems, with all addends b 6, presented verbally. This test was administered only during second grade. During this task, the examiner reads each problem aloud, and the child is asked to give a solution to the problem as quickly as possible. Children's answers and response times were recorded, to code for response accuracy and strategy, respectively. Performance accuracy is based on correct fact retrieval; a child receives one point for a correct response if the response is given in 3 or fewer seconds. The total number bcorrectQ reflects the total number of correctly retrieved facts.
Procedures
Each child was tested individually each year, by one or two female examiners, during one to three sessions. During kindergarten, all testing was completed in the child's school, outside of the classroom, in a room occupied only by the child and the examiners. Beginning in first grade, children who moved to another school were tested either at their school or at the principal investigator's research office. The order of the test measures was fixed across participants, and deviations to this sequence were avoided except under circumstances beyond the examiner's control, such as if interrupted by a school fire drill or a child's illness.
Analyses
The analyses varied as a function of variable type, research question addressed, and whether the measure was administered during one or more school years. First, we examined whether sex differences emerged on reading, spatial, or math skills at ages 5 through 8 years. For measures given two or more times, we carried out a repeated measures analysis of variance (ANOVA), using a 2 (Sex) Â 2, 3, or 4 (Grade Level) design. This allowed us to assess possible main effects of sex, and possible grade by sex interactions. Main effects of grade were not of interest in the present study, given the expected increases in performance level over time for raw scores and the lack of a main effect of grade expected for age-referenced standard scores. Thus, grade effects are not reported in the results below. For measures obtained during only 1 year, we used unpaired t-tests, assessing only possible effects of sex.
Second, we examined whether the frequency of boys or girls was higher in the groups of children performing in the highest or lowest quartile, relative to their peer group. We used a generalized linear model to estimate the odds ratio (OR), and to determine statistical significance. In this case, logistic regression is most appropriate because we had only one binary predictor variable (boys vs. girls). In order to identify upper and lower quartiles, we had to consider that the tests administered in this study yield discrete test scores. Therefore, it was necessary to determine the position of the 25th percentile at a break-off point as close to the 25th percentile position as possible. In the cases for which a cutoff point was not straightforward, we selected to err on the side of fewer children in a group, to remain below (or above) the designated quartile.
Third, to determine whether growth in reading, spatial, or math skills differed for boys vs. girls, we used growth curve modeling (GCM). GCM was carried out as a structural equation model, using the software package AMOS (Arbuckle & Wothke, 1999) , with sex (male, female) entered as a time-invariant predictor of both initial status and rate of growth in performance on the outcome variables of interest.
Finally, we addressed whether there were sex differences in how well early verbal or spatial scores predicted later math achievement. The predictor variables included scores from the DTVP-2 Position in Space and RAN tests, both of which were positively correlated with a concurrent TEMA-2 score, as reported in another study (Mazzocco & Myers, 2003) . For this set of analyses, we carried out multiple regression models, including sex as a predictor variable.
For all analyses, the null hypothesis (H 0 ) was that there are no sex differences on overall group comparisons within a point in time, on comparisons of the upper and lower kth percentiles in a given point in time, or in rate of growth over time. We also predicted that verbal and spatial skills would be equally predictive of later math performance, for boys and girls. We used a significance level of a = 0.05 on all analyses, and assumed normality for the sampling distribution for all the data because of the large sample size. Table 1 shows the total sample sizes for each year of the study. Standard scores are presented for all tests, unless otherwise noted.
Results
Preliminary analyses
Outliers were removed prior to data analysis. An outlier was defined as a score more than three standard deviations from the child's group (boy, girl) mean score. For each variable examined, the number of outliers represented was less than 3% (zero to six) of the total sample (~200 children). Outliers were omitted from ANOVAs and t-tests. They were not omitted from Odds Ratio analyses, because Odds Ratios are based on relative, rather than absolute, scores.
We used t-tests to determine whether there were IQ or age differences in our two groups, and found that mean IQ scores did not differ between boys and girls, p = 0.18, nor did the variance in IQ scores, p = 0.13. Therefore, IQ scores were not considered in the subsequent analyses. We also found that boys were slightly older than girls during each year of the study (see Table 1 ). This difference was statistically significant for all 4 years, from kindergarten through third grade, t(247) b 0.01, t(234) b 0.001, t(222) b 0.001, t(212) b 0.01, respectively. Since standard scores adjust for age, and raw scores do not, it was necessary to consider possible age confounds when main effects of sex emerged. Specifically, if a test is used to measure skills influenced predominantly by formal instruction (e.g., paper and pencil math calculation scores), then boys may have lower standard scores than girls simply because they are older than girls at the time of testing, and thus score blowerQ even if they receive the same grade-appropriate raw score. For this reason, when significant differences in standard scores were found in favor of girls on formal achievement tasks, we also examined raw scores to determine if the difference existed also in the actual number of correct responses. This was applicable to the WJ-R, KeyMath-Revised, and Math Facts tasks. As the TEMA-2 tests both formal and informal skills, we also examined the raw scores for this measure. If tasks were less likely to be influenced by formal achievement (e.g., drawing on the VMI task), it was not necessary to compare both raw and standard scores, and only the age-referenced, standard scores were analyzed.
Analyses of reading measures
Woodcock Johnson-revised reading subtests
For each WJ-R subtest, we carried out a 2 (Sex) Â 4 (Grade Level) ANOVA, with repeated measures for grade level. There was a main effect of sex on LWID performance, with girls outperforming boys each year, from kindergarten through third grade, F(1, 199) = 17.98, p b 0.0001; this was not seen on the Word Attack subtest, p = 0.08. There was no significant Sex Â Grade interaction for either LWID or Word Attack, ps N 0.30. Girls also outperformed boys in terms of raw scores on the LWID subtest, from kindergarten through third grade, p = 0.01.
Over time, there were inconsistencies in how often males and females were overrepresented in the upper and lower quartiles on the LWID and Word Attack subtests. Differences that did exist showed an overrepresentation of boys in the lower quartile, and an overrepresentation of girls in the upper quartile, from kindergarten through third grade. Specifically, boys were overrepresented in the lower quartile of LWID performance in 
RAN
For the RAN Objects subtest, a 2 (Sex) Â 2 (Grade Level) repeated measures ANOVA was used, while a 2 (Sex) Â 4 (Grade Level) repeated measures ANOVA was carried out for the RAN Colors, Numbers, and Letters subtests (the Objects subtest was administered only during the first 2 years of the study).
Consistent with the WJ-R reading subtests, no main effect of sex was observed on three of these four RAN subtests; the one main effect of sex emerged only on the Colors subtest, with girls outperforming boys (by achieving lower response times), F(1, 194) = 6.29, p = 0.01. There was a significant Sex Â Grade interaction for only one of the subtests, RAN Letters, F(3, 171) = 2.75, p = 0.04. This was an interaction of magnitude, with girls outperforming boys on RAN Letters in kindergarten and first grade (Cohen's d = 0.27 and 0.23, respectively), but then performing at a level comparable to boys during second and third grade (Cohen's d = 0.00 and 0.12, respectively). There was no significant interaction on the Objects, Colors, and Numbers subtests, ps N 0.25. Thus, on RAN performance, either the boys or girls had comparable response times, or girls outperformed boys (indicating lower response times).
During kindergarten, boys and girls were equally represented in the upper and lower quartiles for all RAN subtests (Objects, Numbers, Letters, or Colors). Changes to emerge over time were minimal, and limited to the upper quartile group (i.e., the faster responders). In first grade, girls were overrepresented in the fastest group, but only on the Letters subtest, b = 0.81, p = 0.014. This continued into second grade, for both the Letters, b = 0.68, p = 0.04, and Colors, b = 0.78, p = 0.02, and in third grade, on the Colors subtest, b = 0.69, p = 0.047.
Reading fluency
An unpaired t-test was used for the Reading Fluency measures of response time and number of errors, because this test was administered only in third grade. Girls were significantly faster on the reading fluency task, t(211) = 2.36, p b 0.02, Cohen's d = 0.33, whereas boys had a significantly larger response time variance, F(103, 108) = 2.58, p b 0.0001. Although boys made more errors than girls, this difference did not reach statistical significance, t(210) = 1.87, p= 0.06, Cohen's d = 0.26.
Girls and boys were equally represented in the upper quartile for reading response times, but boys were overrepresented in the lower quartile (slowest readers) of performers on this task, b = À 0.74, p = 0.02. Boys were also overrepresented in the upper quartile of participants making the most errors, b = À 0.92, p b 0.01.
In summary, girls outperformed boys on four of the eight variables measuring reading-related skills, during at least one of the primary school age years. Boys did not outperform girls on any of these measures. This tendency toward a female advantage on reading-related skills was apparent on only some of the reading measures, and the largest effect sizes associated with the significant findings were moderate at best, Cohen's d b 0.61 (see Table 2 ). Representation of boys vs. girls in both the upper and lower quartiles was comparable, for the most part, in kindergarten through third grade. In kindergarten and first grade, differences were seen only on the Figure Ground subtest, for which there was an overrepresentation of boys in the lower quartile in both grades, b = À 0.81, p = 0.02; b = À 0.76, p = 0.02, respectively, and an overrepresentation of girls in the upper quartile only during first grade, b = 0.64, p = 0.04. There were no sex differences in second grade, ps range from 0.06 to 0.99. In third grade, only two differences were seen. Girls were overrepresented in the upper quartile of performers on the Form Constancy subtest, b = 0.85, p = 0.02, while boys were overrepresented in the lower quartile of performers on the Figure Ground subtest, b = À 0.91, p b 0.01. No other differences were seen, ps range from 0.14 to 0.99.
VMI
A 2 (Sex) Â 4 (Grade Level) ANOVA was carried out for the VMI test. There was main effect of sex, F(1, 203) = 7.13, p b 0.01, with girls outperforming boys each year. However, effect sizes were small to moderate for each year of the study, Cohen's d ranging from 0.16 to 0.45. The Sex Â Grade interaction was not significant, p = 0.17. An unpaired t-test was used for the VMI Supplemental Motor subtest, as this was administered only one time, in first grade. Similar to the VMI test, girls outperformed boys on the Motor supplemental subtest in terms of mean scores, t(204) = À 3.35, p = 0.001; but the effect size was moderate, Cohen's d = 0.47, and group variances were not significantly different, p = 0.53. There was no difference on the VMI Supplemental Visual subtest, for either the means or variances, ps N 0.56.
Odds ratio analyses revealed some sex differences that were inconsistent over time. There were comparable numbers of boys and girls in the lower quartiles, during kindergarten ( p = 0.08) and first grade ( p = 0.16). While no differences were seen on the overall VMI test in first grade, differences emerged on the VMI Motor subtest during that year. Consistent with the other results on the VMI test, boys were overrepresented in the lower quartile, (b = À 1.04, p b 0.01) for the VMI Motor subtest (administered in first grade only), whereas girls were overrepresented in the upper quartile, (b = 0.83, p = 0.01). In contrast, boys and girls were equally represented in the upper and lower quartiles on the VMI Visual test, ps N 0.51.
In summary, girls outperformed boys on three of the seven variables measuring visual spatial skills, during at least one of the primary school age years. Yet these sex differences were moderate at best, and none persisted at a moderate level over all 4 years of the study. Boys did not outperform girls on any of these measures. The largest effect sizes associated with the significant findings were moderate at best, Cohen's d b 0.54 (see Table 2 ).
Analyses of math measures
TEMA-2
A 2 (Sex) Â 4 (Grade Level) repeated measures ANOVA was carried out to examine standard scores from the TEMA-2. There was neither a main effect of sex, p = 0.35, nor a Sex Â Grade interaction, p = 0.07.
Odds ratio analyses revealed differences in how often boys and girls were represented in the upper and lower quartiles for the TEMA-2 scores, across all 4 years of the study. In kindergarten, boys were overrepresented in the lower quartile b = À 0.66, p = 0.03, but boys were overrepresented in the upper quartile during first grade, b = À 0.64, p = 0.03, and second grade, b = À 0.74, p = 0.02. No difference was seen in the upper quartile in third grade, p = 0.07. There were comparable numbers of boys and girls in the lower quartile for first, second, and third grades, p = 0.72, p = 0.13, and p = 0.38, respectively.
Keymath
A 2 (Sex) Â 3 (Grade Level: kindergarten, first, and second grades) repeated measures ANOVA was carried out for each of five KeyMath-R subtests: Numeration, Geometry, Addition, Subtraction, and Measurement.
Only a few participants were given the Time and Money subtest in kindergarten, so a 2 (Sex) Â 2 (Grade Level) repeated measures ANOVA was carried out for this subtest, with the analysis limited to first and second grades. As noted earlier, raw scores were analyzed in lieu of standard scores on the Addition, Subtraction, and Time and Money subtests, because age-references scores were not available for the youngest participants completing these tasks.
Main effects for sex were seen on three subtests, with different outcomes regarding whether boys or girls outperformed each other. There was no sex difference on standard scores for the Numeration subtest, p = 0.30, but boys outperformed girls on the Numeration raw scores, F(1220) = 7.61, p b 0.01. Girls outperformed boys on the Geometry subtest standard scores and raw scores, F(1220) = 14.96, p b 0.001 and F(1220) = 6.00, p = 0.02, respectively. The differences between girls' and boys' performance on Geometry was moderate, but consistent, from kindergarten to second grade, Cohen's ds range from 0.37 to 0.46. Boys outperformed girls on the Time and Money subtest raw scores, F(1219) = 4.21, p = 0.04. There were no sex differences on the additional three subtests, ps N 0.19.
A significant Sex Â Grade interaction emerged on the Numeration subtest raw scores, F(2220) = 5.41, p b 0.01; and on the Measurement subtest standard scores, F(2218) = 6.57, p b 0.01, and raw scores, F(2, 218) = 5.38, p b 0.01. There were no additional Sex Â Grade interactions on the other four subtests, psN 0.47. On the Numeration subtest, the interaction was one of magnitude, with boys outperforming girls only during two of the three grades examined (first and second grade). Similarly, on the Measurements subtest, the interaction was one of magnitude, with effect sizes that were small at best (Cohen's d ranged from 0.08 to 0.26).
Odds ratio analyses showed no differences in the number of boys or girls among the upper and lower quartiles, in kindergarten, for four KM-R subtests, including Numeration, Addition, Subtraction, and Measurement, ps ranged from 0.06 to 0.77; Time and Money scores were not included in kindergarten due to the small number of children who took this subtest. Of these five subtests, statistically significant differences beyond kindergarten occurred for only three subtests. On the Addition subtest, boys were overrepresented in the upper quartile in first grade, bs = À 0.99, p = 0.01. There were no other differences on this subtest. 
Woodcock Johnson-revised
A 2 (Sex) Â 3 (Grade Level: kindergarten, first grade, and third grade) repeated measures ANOVA was carried out for the WJ-R Math Calculation subtest. There was no main effect of sex, p = 0.47, nor a Sex Â Grade interaction, p = 0.58.
Boys and girls were equally represented in the upper and lower quartiles, in kindergarten and first grade, ps N 0.40, on the WJ-R Math Calculation subtest. Differences emerged in third grade, with an overrepresentation of boys in the lower quartile, b = À 0.74, p = 0.02; boys and girls were equally represented in the upper quartile in third grade, p = 0.65.
Counting trials
A 2 (Sex) Â 2 (Grade Level: first and second grades) repeated measures ANOVA was carried out for the Counting Trials task. There was no main effect of sex, nor was there a Sex Â Grade interaction, ps N 0.51. Although more girls than boys required retesting on this task during third grade, the difference in participation was not significant, p = 0.80. Boys and girls were equally represented in the upper and lower quartiles, in both first and second grades, on the Counting Trials task.
Math facts
An unpaired t-test was used for Math Facts, as this task was administered only one time, in second grade. Girls were more accurate on this task than boys, t(217) = À 1.98, p = 0.0492. However, this effect size was small, Cohen's d = 0.27, with children in both groups approaching ceiling levels. Odds ratio analyses for the upper quartile were not appropriate, given that most children achieved a score of 90% correct or higher. There were comparable numbers of boys and girls in the lower quartile, p = 0.63, and in the lowest tenth percentile, p = 0.11.
Growth curve modeling
GCM analyses could be performed only for tests that were administered during all 4 years. No sex difference was observed on the starting point (intercept) or slope (growth) between boys and girls on all ten measures assessed, including WJ-R LWID, RAN Colors and Numbers, all four DTVP subtests, the VMI, and the TEMA-2. There was a significant sex difference on the end point intercept for the TEMA-2, LWID, and DTVP figure ground subtest. GCM was not performed for RAN Letters due to the large number of kindergartners who were unable to complete the task. See Table 3 for a summary of GCM coefficients. In general, there were no significant sex differences in growth rates on any of the measures examined. Girls showed some statistical advantages in some of their endpoint (third grade) reading and spatial scores. These differences corresponded to the ANOVA findings reported earlier, although unlike the ANOVAs, raw scores were used for the GCM. Boys had a slight advantage on TEMA-2 scores, but only at first grade. This difference corresponds to the fact that boys were slightly older than girls, as discussed earlier. When TEMA-2 scores were examined as standard scores, there was no sex difference at third grade or at any other grade.
The average growth on the LWID, Position in Space, and Figure Ground subtests was V .02 points, in raw score points, and did not differ for boys versus girls. There was no difference in the growth trajectories between boys and girls across the 4 years of the study.
The average growth in RAN response time, which in this case was decline in total RT, was less than 1 s per year. The average growth rate, in raw score points over the 4 years of the study, was 0.05 for the TEMA-2.
Kindergarten and first grade predictors of third grade math achievement
Our final analyses concerned whether early predictors of math varied for boys vs. girls. We ran two separate sets of multiple regression models, using predictor variables from either kindergarten or first grade. Based on an earlier report (Mazzocco & Myers, 2003) , we selected scores on RAN Colors (kindergarten) or Numbers (first grade) and DTVP Position in Space (kindergarten or first grade) subtests, and the kindergarten or first grade TEMA-2 scores, as appropriate, as predictor variables, and third grade TEMA-2 scores as the outcome variable. We report the results in terms of adjusted r 2 values. Table 4 is a summary of the correlations resulting from those analyses. As expected, kindergarten and first grade TEMA-2 scores were both strongly correlated with third grade TEMA-2 scores, ps b 0.0001. For each grade, earlier TEMA-2 performance accounted for approximately 30% to 40% of variation later observed in third grade TEMA-2 scores, adjusted r 2 = 0.315 and 0.412, respectively, and correlations were comparable when the regression models included only boys, or only girls, ps b 0.0001.
We ran three more sets of analyses. One set included both the RAN and DTVP scores combined, and the subsequent two models separately examined the degree to which each individual variable was correlated with the third grade TEMA-2 score.
When using both the DTVP Position in Space and RAN Colors or Numbers subtests in the multiple regression, the results were significant whether the entire sample or only boys or girls were included, ps ranging from 0.03 to b 0.0001, and accounted for approximately 18% of the variation seen in third grade TEMA-2 scores, adjusted r 2 = 0.192, and 0.169, respectively. For both kindergarten and first grade, these two variables accounted for more variance in boys' third grade TEMA-2 performance, adjusted r 2 = 0.246 and 0.245, respectively, than in girls' third grade TEMA-2 performance, adjusted r 2 = 0.130 and 0.075, respectively. When using only the kindergarten or first grade RAN variable alone, results were again significant whether the entire sample or only boys or girls were included, ps ranging from 0.02 to b0.0001. Correlations with third grade TEMA-2 scores were comparable with each other, accounting for approximately 12% of the variance in third grade TEMA-2 scores, adjusted r 2 = 0.120 for kindergarten RAN Colors, and 0.129 for first grade RAN Numbers. Similar to the combined model described above, the RAN variables alone accounted for more variance in boys' third grade TEMA-2 performance, adjusted r 2 = 0.166 and 0.216, respectively, than in girls' third grade TEMA-2 performance, adjusted r 2 = 0.071 and 0.041, respectively. Our final model considered only the kindergarten or first grade DTVP Position in Space variable alone as a predictor for third grade TEMA-2 performance. Similar to the other models, the results were significant whether the entire sample or only boys or girls were included, ps ranging from 0.03 to b 0.0001. The DTVP Position in Space subtest scores accounted for 5% to 12% of the variation seen in third grade TEMA-2 scores, adjusted r 2 = 0.124 and 0.054, respectively. For both kindergarten and first grade, this variable accounted for more variance in boys' third grade TEMA-2 performance, adjusted r 2 = 0.167, and 0.068, respectively, than in girls' third grade TEMA-2 performance, adjusted r 2 = 0.082 and 0.037, respectively.
In summary, individual variables previously shown to correlate with TEMA-2 performance continued to show significant correlations when these associations were examined separately among boys and girls. The strength of these correlations was either comparable across boys and girls, or slightly stronger for boys, as summarized in Table 4 . The latter finding could be due to the greater variance in test scores seen in boys, providing a less restricted range of scores from which correlations can be measured.
Discussion
The present study was designed to expand upon existing studies of sex differences in math skills during the primary school age years. Although sex differences in math skills have been studied extensively, findings regarding sex differences in early elementary school years are inconsistent. As such, we sought to add to the existing literature in three ways. First, we examined math scores from a variety of tasks indicative of those seen in primary school age classrooms, and we also examined performance in skills known to correlate with math performance, including reading-related and visual spatial skills. Second, we examined potential sex differences longitudinally, with a sample of sufficient size to detect relatively small effect sizes. Our longitudinal design also allowed us to examine whether sex differences become more apparent over time, in the same group of children, during the primary school age years, and whether growth rates for math and related skills differ between boys and girls. Finally, we explored whether the association between early and later math scores differs for boys vs. girls. We acknowledge that these findings are limited to children from one large school district, and that while a broad range of socioeconomic status levels was represented in our sample, the sample excluded students from the lowest and highest SES categories.
Our findings predominately support the notion that sex differences in math, on standardized tasks similar to those seen in school for primary school age children, are minimal or nonexistent. There was no overall persistent pattern of findings suggesting a male or female advantage in math performance overall, nor during any one single year of the study or in any one area of math skills, such as paper and pencil calculations or counting skills. The same was true regarding children's performance on the spatial skills we assessed. While there were some main effects of sex from analyses of variance for some of the spatial and math tests, the majority of math and spatial variables did not demonstrate significant main effects that persisted over each year of the study. By design, the measures used in this study did not address any very specific skills or tasks on which differences have been seen unless these skills or tasks are in common use in a primary school setting, where sex differences may have a real effect on students' advancement or on teachers' perceptions and expectations.
There was also no consistent pattern of findings suggesting a male or female advantage for all of the math tasks, or all of the spatial skills. Indeed, there were as many significant results in favor of girls outperforming boys as there were for boys outperforming girls. The latter was observed only among a small subset of the math variables included in the study. Perhaps the most consistent finding in this study is simply that effect sizes remained relatively small, never exceeding moderate levels, and typically falling below 0.25. From the 73 effect sizes calculated, across 24 tests and subtests given over 1 to 4 years, 52 (71%) were b0.25, and 22 of these (42%) were V 0.10. Even the sex differences in the strength of the correlations we examined were neither consistently present nor consistently remarkable. In no case was a correlation significant among only boys (or girls), among those examined in the present study. Thus our findings fail to support a persistent, general male or female advantage on the math or spatial skills in use during the primary school age years.
Our findings are consistent with many studies that report minimal or no sex differences in math skills in primary school age years. Several studies report no sex differences in basic conceptual understanding, from preschool and kindergarten (Geary, 1994; Lummis & Stevenson, 1990) , or from third through sixth grades (Marshall & Smith, 1987) . Our findings expand upon the previous report by showing no change in rate of growth of math skills from kindergarten through third grade.
We also acknowledge that there are studies suggesting a valid sex difference in early math skills. The discrepancy between our findings and those of others' may be due to cohort effects, age effects, or to the types of math and spatial tasks examined in the present study. Cohort effects could reflect the notion that, as some researchers have argued, widespread sex differences in math are diminishing over generations (Friedman, 1989; Hyde et al., 1990a) , as well as sex differences in math self-competence beliefs task values (Jacobs, Lanza, Osgood, Eccles, & Wigfield, 2002) . While earlier studies reported widespread sex differences (Maccoby & Jacklin, 1974) , recent studies generally report more consistent findings of sex differences at later ages (e.g., Leahey & Guo, 2001; Mau & Lynn, 2000) , among high ability samples (e.g., Benbow, 1992; Carr & Davis, 2001 ). A thorough discussion of possible causes for these cohort effects is beyond the scope of this paper. To summarize briefly, a range of environmental influences have been proposed as primary or mediating factors affecting the diminishing gender gap in math. For example, as disparities in gender roles have decreased over time, so too may any corresponding sex differences in math abilities, due to these socialization issues. For example, Kiesler, Sproull, and Eccles (2002) make specific reference to the influence of such socialization issues on girls' use of, and resulting performance in, computing activities from childhood through adolescence, high school, and college. Still, others have rejected arguments towards the influence of such socialization issues, including Kaplan and Weisberg (1987) , who found girls' performance on spatial tasks in third and fifth grades to be unaffected by societal interference. Others have argued that temperament of the child, reinforced by societal expectations, parental influence, and stereotypes, are key contributing factors to the existing gap between males' and females' math achievement (Penner, 2003; Leahey & Guo, 2001 ; as reviewed by Ben-Zeev, Duncan, & Forbes, 2005) . Whatever complex forces may be acting upon the proposed sex differences in math, our study fails to support the existence of such differences in young school age children.
It is possible that our current findings would have differed if our sample had been studied beyond third grade. Although some researchers argue that sex differences do not emerge until later grades, it is also possible that the findings of the current study are likely to persist with this cohort of children, at least until the 6th grade. We base this notion on the findings from others, such as Gross-Tsur, Manor, and Shalev (1996) , who failed to find differences in prevalence of math disabilities in fifth graders drawn from a cohort of over 3000 children. Sex differences may appear after that point, as other researchers claim that male superiority in math is most evident after puberty (Maccoby & Jacklin, 1974) , possibly as a consequence of hormonal changes alleged to affect specific math and spatial skills (Gouchie & Kimura, 1981) , and still limited to selective tasks. For example, Casey et al. claimed that by eighth grade, girls' poorer spatial-mechanical skills influenced their poorer performance on the male-favored items on the Third International Mathematics and Science Study, such as pictorial imagery and mental manipulation of images, while boys' superior performance on these items was due to the indirect effects of males' spatial-mechanical skills and their mathematics self-confidence (Casey et al., 2001; Gonzales et al., 2004) . It remains to be seen whether the cohort in the present study will manifest sex differences beyond third grade, but our current findings fail to support widespread or emerging sex differences during the primary school age years on the types of tasks that would lead to observable differences in the classroom.
Finally, an additional explanation for the lack of sex differences in our study relates to the types of skills examined across our study and those of other researchers. Findings of sex differences in math during the primary school age years typically reflect highly specific skills, rather than a broad disparity between the sexes. Specific tasks include items such as simple arithmetic skills (favoring girls; Ginsburg & Russell, 1981) , problems that rely on visualization strategies (favoring boys; Lummis & Stevenson, 1990) , or math-related spatial-mechanical skills (e.g., Casey et al., 2001; Gallagher et al., 2000) including mental rotation (e.g., Astur et al., 1998; Levine et al., 1999) . In our study, we examined composite scores on a broad range of math ability, paper and pencil calculation, and counting skills, and a similarly broad array of visual perception or visual motor skills, as typically assessed in primary school children. Although we do not propose that findings of sex differences on very specific tasks are necessarily invalid, we do propose that, based on our findings and those of others (e.g., Geary, 1994 ; as reviewed by Alyman & Peters, 1993; Tate, 1997; Marshall & Smith, 1987) , there is much evidence to support the lack of either widespread, persistent, broad, or emerging sex differences in observable classroom achievement in primary school age children. Thus our findings support the notion that the existing evidence for sex differences in math and spatial skills are not justifiable grounds on which primary school teachers should base expectations or explanations for their young students' performance. 
